The proportion of society composed of elderly individuals has risen, indicative of increased longevity.
Typically, tableting of wet powder presents difficulties, which include sticking or adhesion of the powder to the punch, weak mechanical strength, and large weight variation caused by the low flowability of wet powder. The molding tableting machine used in the present study possesses two particular mechanisms which permit wet powder tableting. The first mechanism is a compression powder feeding system, displayed in Fig. 2 . Wet powder was fed in two steps as follows: the wet powder introduced into the hopper of the EMT18 was filled roughly to a well of the subtable by oscillation of the feeding blade. Next, the powder in the wells was transferred to a die cavity set in the main table by a plunger at constant pressure. A constant volume of a constant density powder was withdrawn continuously due to this mechanism; as a result, weight variation of the tablets was minimized.
The second mechanism involves a film compression system, described in Fig. 3 . Thin polymeric film was placed between the wet powder and the tableting punch, preventing sticking of the moist powder to the punch. In this experiment, polyethylene (0.01 mm in thickness) (Fujimori Kogyo Co., Ltd.) was used as the polymeric film. The belt dryer was utilized for primary drying of wet tablets compressed by the tableting machine immediately after tableting to provide strength with respect to ease of handling.
In the present experiment, a tableting die (9.5 mm i.d.) and a flat face punch were employed. The compression force was 20 kgf/punch (7.06 kgf/cm 2 ). The tableting speed was 300 tablets per min. The temperature of the belt dryer was set at 90°C. At the aforementioned tableting speed, the time required to pass the belt dryer was approximately 3 min. The tray dryer was set at 45°C for 3 h.
Evaluation of Physical Properties of the Tablet The weight, diameter, thickness and hardness of 10 tablets were measured with an electric balance (AE240, Mettler-Toledo AG, Greifensee), digital thickness gauge (Digimatic Vol. 50, No. 9 indicator, Mitsutoyo Corporation, Tokyo) and hardness tester (KHT-20, Fujiwara Factory Co., Ltd., Tokyo). Hardness of the tablets was determined with diametrical compression. Friability was measured on a Roche type friabilator at 25 rpm for 4 min using 20 tablets. Loss on drying of these tablets was assessed with an infrared moisture determination balance (FD-230, Kett Electric Laboratory, Tokyo) at 85°C. Disintegration time was measured with a JP disintegration tester (Toyama Sangyo Co., Ltd., Osaka) involving six tablets in a basket equipped with an automatic end point detector (Distopper, Toyama Sangyo Co., Ltd., Osaka). End point determination with the naked eye is not sufficient to accurately evaluate the disintegration time of a rapidly disintegrating tablet due to adherence of the tablet composition to the apparatus.
Oral disintegration time was measured by three volunteers for a series of tablets with different binders. Tablets were placed on the tongue; subsequently, the tongue was gently moved. The time required for the elimination of tips or fragments of the tablets was determined with a stopwatch. This procedure prohibited the swallowing of saliva; additionally, saliva was rinsed from the mouth after each measurement. The average of triplicate measurements represented an individual oral disintegration time.
Operating Structure of Disintegration Test with CCD Camera The CCD camera apparatus is comprised of two distinct sections, a disintegration component and a measurement device. The mode of measurement involves the continuous acquisition of pictures by the CCD camera to record the disintegration time course; these pictures are simultaneously transferred to the computer and stored. The key point of this apparatus is to combine the detailed pictures obtained by the CCD camera and the calculation capabilities of the computer.
The disintegration apparatus consists of a plastic cell partitioned into two parts: one compment is comprised of an inner tank containing the stirring bar, the grid fabricated from stainless-steel and the disintegration medium (distilled water, 200 ml, 37Ϯ2°C); the second component is an outer tank, which functions as a water bath heated at 37Ϯ1°C (Fig. 4a) via circulation of thermostated water. The grid is constructed of three hollow areas equidistant from the center. These hollow points represent the position of the tablets, and a support is added for each tablet to avoid movement during the disintegration test (Fig. 4b) .
The measurement apparatus consists of a CCD camera (VR-KT75, auto focus Fϭ4, 5-36 mm, fϭ37 mm, Sharp Co., Ltd., Tokyo) and a computer with Windows98 OS. The CCD camera is positioned such that the top surface of the three tablets can be seen on the camera's screen.
Results and Discussions
Principles of the CCD Camera Apparatus RDT should disintegrate rapidly upon placement in the mouth, yet possess sufficient structural integrity to withstand handling without substantial breakage. Thus, tablet properties such as hardness, porosity and friability are closely linked to causing rapid tablet disintegration.
Disintegration time is an important tablet property. It can be evaluated in vivo; the disintegration test in the oral cavity is briefly described in the literature. [5] [6] [7] [8] The results from this type of test typically reveal unsatisfactory reproducibility. This is truer in the case of the RDT than ordinary tablets, whereas the disintegration time of RDT is usually less than one minute and differs only by a few seconds in comparison with different formulations. Although oral test results are not completely reliable, it is the only method by which to evaluate in vivo disintegration time. Furthermore, the in vivo dissolution test is characterized by intrinsic limitations from the perspective of ethics and the safety of the volunteers.
The typical approach by which to measure in vitro disintegration time involves utility of the JP XIII disintegration test apparatus. This method does not appear to afford convenience, as the RDT disintegration time is less than one minute; moreover, detection of the endpoint is accomplished by visual observation. Bi et al. proposed a modified dissolution apparatus based on the JP technique in which a gentle water current is produced in order to delay disintegration time.
8) Thus, faced with increased interest regarding RDT and the difficulty associated with evaluating the disintegration time of these tablets, the development of a method to improve the reliability of in vitro disintegration is necessary. Utility of a CCD camera is a component of this novel apparatus. In fact, the pharmacopoeia method permits evaluation of the disintegration time; however, no additional information can be extracted. Of course, it is possible to evaluate the tendency of the disintegration time course based on the examination during testing. However, these evaluations are not sufficiently objective. The observations described above are qualitative, affording no possibility of determination of quantitative parameters other than the disintegration time.
The CCD camera method permits documentation of the disintegration time course with pictures obtained sequentially with the CCD camera (Fig. 5a) . After testing the desired number of tablets, information extracted from the pictures can be extensively analyzed. The computer, for example, enables calculation of the surface area of each tablet at any time point, as well as the design of graphs similar to that displayed in Fig. 5b . Figure 5b shows a decrease in the tablet surface as a function of time. Disintegration time (end point, Ep) and the area under the curve (AUC) can be calculated from these graphs as quantitative parameters that can be correlated to oral disintegration time. Surface area is determined on the basis of tablet pictures; consequently, results depend on the direction and focal length of the camera relative to the tablet. The distance was constant throughout this study; moreover, the surface area represents the top surface of the tablets in arbitrary pixel units.
The disintegration time course can be analyzed based on graphic data; furthermore, important steps within RDT disintegration can be established. Figure 6 depicts a typical example demonstrating the decrease in the RDT surface as a function of time. A peak observed at 2.5 min indicates decomposition of the tablet into several pieces. Several tablets exhibited a completely straight decrease in surface area; several tablets displayed a more complicated shape. Understanding the disintegration mechanism remains complex; however, several general characteristics of the disintegration phenomena can be deduced with this powerful tool.
The disadvantage of the CCD camera method involves difficulty associated with the application of mechanical stress to test tablets. Thus, the time required for a single test is several minutes, which is greater than that for in vivo disintegration time. To decrease disintegration testing time, it is necessary to apply mechanical stress to the tablets.
First, the apparatus was tested under various conditions in order to determine the consequences with respect to operating conditions and to determine the robustness of the method. For these purposes, three parameters were selected: the opening mesh size of the grid, the speed of agitation and the size of the stirring bar. Figure 7 illustrates the relationship between disintegration time and each operating condition. Each figure reveals a linear decrease in the disintegration time with an increase in each operating condition; moreover, the multiple coefficient of correlation values, r 2 , are sufficiently large. Interestingly, these results suggest that any operating condition can be selected within the range of each condition tested. Based on the above, 1.0-mm mesh size, 200-rpm-agitation and a 3-cm stirring bar were chosen for the remainder of the present investigation.
Relation between Disintegration Parameters Twelve tablet samples containing PVP, HPC-L and PVA binders were tested in vivo and in vitro using the Pharmacopoeia (with Distopper) and CCD camera methods, respectively. With the CCD camera technique, two parameters were selected in relation to the disintegration phenomena, i.e., the Ep and the AUC. AUC is calculated from the disintegration curves, as previously explained in the operating structure section. Figure 8 demonstrates the relationship between these two parameters, AUC and Ep. A positive linear correlation was observed, characterized by a large correlation coefficient (r 2 ϭ0.9595). Thus, these two parameters are closely linked; additionally, they function with respect to the disintegration phenomena in an identical manner. From this linear relation, it appears obvious that Ep and AUC primarily reflect a slope of the disintegration curve. In fact, rapid disintegration is equivalent to a large slope on the disintegration curve, which results in small values of Ep and AUC. Figure 9 illustrates the relationship between oral disintegration time and Ep, AUC and JP disintegration time (JP DT). The three sample types with differing binders are marked within the same graph, and the linear equation is calculated for all plots (shown as a dotted line). Each parameter displays a positive correlation with oral disintegration time; however, the correlation coefficients (r 2 ) are superior in the cases involving JP DT and Ep relative to AUC. These r 2 values and standard errors of regression (in parentheses) are 0.6086 (5.2100), 0.5168 (5.7890) and 0.3759 (6.5789) for JP DT, Ep and AUC, respectively. None of these values is markedly greater relative to the other; moreover, these values are not large, which underscores the difficulty associated with simulation of the in vivo disintegration mechanism. However, both of these parameters can partly explain the in vivo disintegration phenomena. It would be interesting to relate the rate of disintegration to oral disintegration time based on the demonstration that Ep and AUC are functions of this rate. Several curves are linear; additionally, several curves represent a more complicated shape, the utility of which is impossible.
Equations are calculated for each binder sample, shown as solid lines, rather than for all plots, shown as dotted lines in Fig. 9 . In terms of correlation coefficient overall data, Fig. 9c (JP DT) appears to offer the best result. However, Figs. 9a (Ep) and 9b (AUC) indicate that the solid lines exhibit a nearly parallel relation. This observation is not identical to the case involving the solid lines in Fig. 9c . This finding suggests that results obtained from the CCD camera method may better individually correlate with oral disintegration time with respect to each binder. On the other hand, parameters of the JP DT could better correlate with the oral disintegration time of RDT, irrespective of binder type. However, in the case of predicting the in vivo disintegration of tablets containing different binders, the possibility of enormous error occurs in the JP method, especially in the region of approximately 30 s or higher, during in vivo disintegration.
Furthermore, if attention is focused on the tablet containing PVA, oral DT ranged from 11.6 to 29.9 s, which corresponded to the JP DT range of 7.7 to 14.3 s; additionally, this finding was in contrast with the Ep range of 2.4 to 5.1 min. In this case, the range of JP DT was only a few seconds; moreover, it appears difficult to discern differences in the in vivo disintegration of the tablet containing PVA. We can conclude that the CCD camera method is a suitable alternative relative to the ordinary testing approach in terms of prediction and estimation of RDT disintegration.
Conclusion
In order to predict the oral disintegration time of the RDT via in vitro methodology, a novel apparatus was developed utilizing a CCD camera. This study demonstrated the ability of this apparatus to assess and quantify several parameters in relation to disintegration time. The oral disintegration mechanism is complex; moreover, the difficulty was underscored with respect to simulation of the oral disintegration phenomena via an in vitro technique; however, the CCD camera method can partially explain and predict oral disintegration. Hence, the relationship between oral disintegration time and Ep correlates positively for each type of binder. Consequently, this method should be viewed as a universal approach regarding evaluation of the disintegration time of any RDT. This novel apparatus is a prototype and should be improved. Nevertheless, its contribution in terms of prediction of in vivo disintegration time is worthy of consideration. 
